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According to current theories of pathogenesis, tears are considered to be the main factor in the development of retinal detachment. The liquid part of the vitreous body penetrates through the tear into the space behind the retina and produces a detachment. If this theory is correct, the biochemical composition of the subretinal fluid should be very similar to the composition of the vitreous body. If, on the other hand, blood elements are discovered, this could be taken as indicating dysfunction of the choroidal capillaries.
It would seem that SRF contains components characteristic both of the vitreous body and of the blood. Most biochemical research workers have studied the protein composition of the SRF. Particular attention has been paid to inter-relationships between the duration of the detachment and the level of protein in the SRF. Some authors (Magitot and Lenoir, I932; Arruga, 1933; Weve and Fischer, 1940) , who link an increase in the amount of total protein in the SRF with the length of time for which the detachment has been in existence, have assigned the greatest importance in the formation of the SRF to transudation from the vascular bed. Others (Schenk, Formanek, and Forster, 196I, I962; Sachsenweger, Gassler, and Hentsch, I964) have found no correlation between the level of protein in the SRF and the duration of the detachment, and have discovered a high protein content even in very recent detachments.
The results of electrophoretic studies are also contradictory. Thus, Kuzina (I968) , on the basis of electrophoretic findings, believed that the SRF was similar in composition to the vitreous body. But according to the findings of Dorello (I 956) and Smith and Douty (I960), a specimen of SRF with a high content of protein is similar to a sample of human blood plasma in that it contains the same five components (albumin, alpha1, alpha2 , beta, and gamma globulins).
The results of immunochemical studies are also contradictory. Fojudzki and Kaluzny (I969) , who studied the subretinal fluid in idiopathic retinal detachment by immunoelectrophoresis, found that it contained components of blood serum protein. When they used the modification made by Scheidegger (I 955) of the method of Grabar and Williams (I 953) they failed to find vitreous body protein, although they believed that it might be present.
Using the same method, Chignell, Carruthers, and Rahi (I97i) have demonstrated that the subretinal fluid tends to become more like normal serum the greater the duration of the detachment. However, one of the fractions which is always present in normal serum (IgM) was not found in any of the cases studied, even those of long duration in which repeated operations had been carried out. The authors believed that this indicated that the capillary endothelium and Bruch's membrane were of limited permeability even in such cases, since in no instance did the subretinal fluid have the protein characteristics of a true exudate.
Using the same method for their immunochemical studies of the vitreous body in human beings and cattle, Cooper, Halbert, and Manski (I963) found large amounts of serum protein. They also found tissue antigens in the human vitreous body that were unconnected with serum. This suggested that the soluble vitreous body antigens are not entirely derived from blood plasma. Analysis of the subretinal fluid of patients with idiopathic detachment revealed the presence of vitreous body components. The authors believed that, if normal human vitreous body contained a large amount of serum protein, the presence of such protein in the subretinal fluid did not indicate that it came from blood, while on the other hand discovery of specific vitreous body protein in the subretinal fluid showed that the vitreous body had something to do with the formation of the fluid. Thus the vitreous body is a component of the subretinal fluid and therefore plays a significant role in the formation and development of idiopathic retinal detachment.
Studies of other components in the SRF have been few. Information on the content of mucopolysaccharides (glucosamine glucans) in the SRF is limited.
Biochemical study of the SRF fails to attract sufficient attention, partly because of the contradictory nature of the findings and their inapplicability to practical purposes and partly because of the ever wider use of successful surgery without drainage.
Meanwhile, quite often, even the most skilful surgery fails to re-attach the retina and restore the sight.
We Type and severity of detachment A comparative evaluation of the clinical condition revealed considerable differences between these groups: I. In those with the lowest protein content the retina proved least damaged. Detachments predominated which occupied one or two quadrants (the number of total detachments was very small); there were flat and shallow detachments, single tears, and retinodialysis. The degenerative lesions were slight. II. Total and subtotal detachments were more frequent and tears were multiple and indeterminate, while the degenerative changes were more marked. III. Total and subtotal steep blister-like detachments predominated, and in some patients they were funnelshaped. Opercular tears and holes predominated. The number ofdetachments in which no tear could be seen (as a result of the muddiness of the surrounding tissue) was greatest in Group III. Gross changes were found in the retina (significant degeneration and major folds and scars). Tables I, II , III show the extent of retinal detachment and the number and types of tears in each of the three groups.
Lens damage There was also a close relationship between the content of protein in the SRF and the extent of changes in the crystalline lens.
Causes of detachment
Almost all the patients in whom detachment had been caused by injury were in Group I, whereas patients with complicated cataract and aphakia were concentrated in Group III.
Myopia
No direct relationship was discernible between the level of protein in the SRF and the degree of myopia.
Duration of detachment (Table IV) Bearing in mind the contradictory nature of the results reported in the literature regarding the interrelationship between the duration of the detachment and the SRF protein level, the data were assessed from this point of view. In Group I as compared with Group III there was a predominance of patients with detachments less than 3 months old (P<o-oi), whereas long-standing detachments predominated among patients in Group II (P=o5-o0-02). In some patients, however, the content of protein in the SRF did not correspond to the duration of the detachment even when this had been determined quite precisely.
Surgery
Out of forty operated eyes in patients in Group I, complete re-attachment was obtained in thirty cases, whereas among patients in Group III only sixteen successful results were obtained out of43 operated eyes. Some indicators of the course of retinal detachment in the three groups are given in Table V (overleaf). In the separation of the SRF proteins by means of paper electrophoresis in patients of Group I, only two fractions were discovered (albumins and globulins, the latter not being separated into their individual fractions). In Group III five fractions were found which were identical with the blood fractions when the same method was used.
However, when a more sensitive method-disc electrophoresis in acrylamide gel-was used, a difference was found: the SRF with a high protein content contained a total of seven fractions, whereas the blood contained twelve fractions. The most severe clinical picture was present in patients in Group 3, with a predominance of total (I9) and subtotal (7) detachments, widespread degenerative changes in the retina, pathology of the vitreous body and crystalline lens, and frequent multiple atypical giant and indeterminate tears. The severe changes in paired eyes is worthy of attention. A particularly high level ofsialic acid was found in the SRF of relatively young patients with continuously progressive degenerative changes in the ocular tissues. The results of surgery in Group 3 were considerably worse than in Group i.
Hexosamines
Total hexosamines were determined in 52 SRF specimens; the pink colouration characteristics of and specific for hexosamines was found in only 32 of them (from 30 patients).
As with the other biochemical components, the level of hexosamines covered a wide range-from traces to 315 mg. per cent.
When the amount of hexosamines in the SRF was compared with the clinical indicators the same regular feature was found: a low level of hexosamines corresponded to the most favourable clinical picture and the best outcome of operation, while a high content of hexosamines occurred in severe forms of retinal detachment.
To assess the significance of the total hexosamine level, the results were compared with the other biochemical components-the sialic acids and total protein (Table VI) .
It was found that, with a negligible level of hexosamines, the content of sialic acids and total protein was also low. A high level of hexosamines was usually accompanied by high concentrations of sialic acids and total protein.
Duration of detachment
Because of the contradictory reports in the literature, we examined the relationship between the biochemistry of the SRF and the duration of the lesion (Table VII) .
The difference between Groups I and III proved reliable for all indices (with a magnitude of error for hexosamines and sialic acids of P = 0-02 and for total protein of P = 0oi0). The number of positive results was greatest among patients in Group I (P = o-os).
When chromatographic separation of the amino sugars in the SRF was carried out, it was supposed that side-by-side with the quantitative increase in hexosamines as the clinical picture worsened, the relationship between the glucosamine-containing and galactosamine-containing sugars might change.
Hexosamines were identified on the basis of a solution of glucosamine sulphate, the peak of which was within the limit of I20 to i6o ml. of volume of eluate. Detection of a peak within these limits in an SRF hydrolysate indicated the presence of glucosamine-containing sugars. The peak obtained in considerably later volumes ofeluate-i 6o to 194 ml.-related to galactosamine-containing sugars.
The results of chromatographic separation of the amino sugars were analysed by grouping patients on the basis of protein content in the SRF on the assumption that protein is an indicator of the degree of pathological change in the eye tissues. In patients with a protein level in the SRF ofunder 3 g. per cent., quite contradictory results were obtained: hexosamines were detected within the limits of the eluate of both glucosamine-containing and galactosaminecontaining sugars.
In all patients with a high protein level-over 3 g. per cent.-uniform data were obtained: one peak within the range I 62 to I 96 ml. ofeluate, corresponding to galactosamine-containing sugars.
It should be noted that, in a number of cases, the level of sialic acids and hexosamine in the SRF (just as with the total protein level) considerably exceeded the content ofthese ingredients in the blood. A comparison of the biochemical findings with the clinical picture showed that the levels of total protein, sialic acids, and hexosamines in the SRF are low in cases of retinal detachment which follow a relatively favourable course, whereas in severe cases the levels are high.
Determination of total protein showed that the minimum level was three or four times higher than that in the normal vitreous body. This does not fit in with pathogenetic theories that the SRF is formed by the liquid part of the vitreous body seeping behind the retina (Leber, i886) . On the contrary, the maximum protein level in the SRF exceeded that in the blood serum. This finding also rules out the theory that the SRF is formed by blood plasma exuded from the vascular bed.
Apparently the large concentrations oftotal protein observed in the SRF ofsome patients must be ascribed to changes in the ocular tissues, especially those which form the subretinal space. This is supported by the very high level of protein which was present in cases showing the most severe forms of retinal detachment.
When we examined the question whether the level of total protein rises with the duration of the retinal detachment, we found that the group with the lowest level of protein in the SRF chiefly comprised patients with relatively recent detachments while long-standing detachments predominated among patients with a high SRF protein level; but there were numerous cases in which the protein level did not correspond to the duration of the detachment.
This finding is of great interest, in that it indicates the existence of different types of detachment which progress in different ways.
Most investigators (e.g. Heath, Beck, and Foulds, I962; Akmeteli, 1972) believe that there is a relationship between the level of protein in the SRF and the out¢ome of surgery (the lower the protein level the better the outcome), but some (e.g. Sachsenweger and others, I 964) consider that the SRF protein level has no effect on prognosis.
In our opinion the SRF protein level is an indicator not so much of the duration of the retinal detachment as of the condition of the ocular tissues (which is determined by many other factors). Naturally, if the degree of pathological change is reflected in the SRF protein level, the most favourable outcome can be anticipated in patients with the lowest levels.
The determination of protein by refractometry is sufficiently reliable for comparative evaluation of the protein levels in the SRF; this method is convenient for use in the operating theatre and can be used wherever detachment surgery is practised.
As the number of fractions in SRFs with a high protein level and in the blood were the same when investigated by paper electrophoresis, some investigators (Santoni, I954; Dorello, 1956) (Nesterov and Akhmeteli, I97I) .
Not much information is available regarding the presence of sialic acids in the ocular tissues in health and disease. According to Haddad and Becker (I96I), the largest amount is found in the corneal stroma-57 per cent. (as compared with the blood serum taken as IOO per cent.), in the crystalline lens (without the capsule)-30o7 per cent., and in the retina-23-7 per cent. In the aqueous humour and the anterior and posterior vitreous body in the normal human eye, the corresponding percentages are only 6-o, 3-5, and 7.I per cent. The content of sialic acids in the anterior layers of the retina was roughly onethird of the amount contained in the posterior layers; the authors suggest that this may be due to the presence of nerve tissue in this part of the retina.
When Haddad and Becker (I96I) investigated the sialic acids in the SRF of twelve eyes with retinal detachment, they noted an increased level in cases of cystic degeneration of the retina and retinoschisis; this led them to suggest that these acids may be an important factor in degenerative processes in the retina.
According to our data, a high level of sialic acids in the SRF accompanies an unfavourable clinical course of retinal detachment, both in the retina and other ocular membranes. The high levels of sialic acids found in the SRF did not fit in with present concepts of the pathogenesis of retinal detachment. If the SRF is mainly a consequence of the penetration of the vitreous body (containing very small amounts of sialic acids) through a tear into the subretinal space, the source of the high concentrations found in our patients is not clear; nor is it clear how the sialic acid level increases as the lesion develops. Moreover, the concentration of sialic acids is much higher in the SRF than in the blood.
Very little has been published about the hexosamines in the SRF in retinal detachments. Richter and Vetter (I964) found a high concentration, twice as high as that in the blood, and in two cases of fresh detachment, the hexosamine level proved to be particularly high. They ascribed this to the participation of the vitreous body in the formation of the subretinal fluid, since according to Schweer (I962) the vitreous body proteins contain about 5 per cent.
hexosamines and the serum proteins only 1-5 per cent. We found a high hexosamine level in severe forms of retinal detachment, especially in individual cases with profound disturbances of the ocular membranes. In many instances the hexosamine level in the SRF considerably exceeded that in the blood.
Thus an increase in the concentration of hexosamines in the SRF like the increases in total protein and sialic acids, usually occurred as the clinical symptoms worsened. The level ofhexosamines (and ofother biochemical components) is therefore an indicator of the severity of the disorder, but in exceptional cases different combinations are found.
A comparison of biochemical and clinical investigations shows that disturbances in biochemical interrelationships give a clue to the primary cause of the formation of the SRF.
Summary
The level of total protein, protein fractions, sialic acids, and hexosamines was studied in the subretinal fluid (SRF) and blood of patients with retinal detachment. The level ofthese components in the SRF varied over a considerable range. A low level of total protein, sialic acids, and hexosamines was characteristic of patients with relatively recent clinical forms of retinal detachment, following the most favourable course, and with the best response to surgery. Higher indices were found in patients with marked changes in the fundus oculi, gross destruction of the vitreous body, considerable pathology of the crystalline lens, and correspondingly worse response to surgery.
As the pathological changes develop in retinal detachment, there is a parallel increase in the protein levels in the SRF. However, exceptions to this rule indicate that the pathological process may vary.
An inverse correlation is found between the level of total protein in the SRF and the electrical sensitivity of the retina.
A comparison of the biochemical investigation with the clinical examination suggests that the occurrence of retinal tears and the increase of protein in the SRF are due to the same degenerative processes.
